Background: Higher creatine kinase (CK) activity is associated with the development of cardiovascular disease in black African populations. We compared CK activity and investigated associations of blood pressure with CK activity in black and white men as well as black and white women. Methods: Ambulatory blood pressure, total peripheral resistance and pulse wave velocity of 197 black and 208 white participants were determined and serum CK activity was measured.
Background
While the prevalence of cardiovascular disease is much higher in black African populations than in white populations, it is the topic of many research questions [1] [2] [3] . Creatine kinase (CK), an enzyme responsible for the rapid release of adenosine triphosphate, has higher activity in all tissues with high and/or changing energy demands (brain, heart, renal artery and skeletal muscle) in black participants compared to white participants of sub-Sahara African descent [4] . As a result of the observed higher CK activity in black populations, it has been suggested that this may be the missing link to explain the higher prevalence of cardiovascular disease in black populations [5] .
In another study the association of increasing blood pressure with higher CK activity was not limited to a certain ethnic group, since the study population included descendants of Africa, South Asia and white Europeans [6] . The same relationship was also established in in a normal Norwegian white population [7] . Furthermore even slight elevations in serum CK levels are associated with increased risk for myocardial infarction especially in individuals with dyslipidemia [8] .
Additional to the higher CK activity in black populations, CK activity also differs between gender groups. Substantial heterogeneity in CK activity were observed in a black and white study population which included both gender groups, resulting in the establishment of different reference ranges for black men (52-520 U/l), white men and black women (35-345 U/l) and white women (25-145 U/l) [9] .
Recent South African based evidence indicated that behavioural risk markers are the main contributing factors to the 24 % increase in hypertension incidence, in participants followed for 5 years [2] . These factors included abdominal obesity and elevated γ-glutamyl transferase (γ-GT) (as marker of alcohol abuse), which plays an important role in the metabolism of glutathione. Furthermore, elevated γ-GT levels also predicted cardiovascular and all-cause mortality [10] while psychological distress predicted the development of hypertension over 5 years, even after adjusting of γ-GT levels [11] . Taken together, these results suggests that behavioural risk factors and psychological distress are to blame for the worse cardiovascular function observed in the black population of sub-Sahara Africa, whereas other studies suggest higher CK activity to be the culprit.
The aim of our study was therefore to compare CK activity between black and white men and women. We further aimed to investigate if ambulatory systolic blood pressure (SBP) and diastolic blood pressure (DBP) are associated with CK activity in black and white men as well as black and white women.
Methods

Study population and protocol
This study is embedded in the Sympathetic activity and Ambulatory Blood Pressure in Africans (SABPA) study, a cross-sectional target population study aimed to investigate neural mechanistic pathways involved in emotional distress and vascular remodelling. The study population and protocol has been described elsewhere [12] . Briefly, 101 black and 101 white male and 99 black and 108 white female teachers from the Dr. Kenneth Kaunda Education District in the North West Province of South Africa between the ages of 20 and 65 years were included in the study. Exclusion criteria included pregnancy, lactation, elevated ear temperature (>37°C), and blood donation or vaccination 3 months prior to the commencement of the study.
For this sub-study we also excluded participants with missing CK activity values, leaving a total of 197 black and 208 white participants. Participants were fully informed about the objectives and procedures of the study prior to their recruitment and informed consent was obtained from the selected participants prior to commencement of the study. The study was conducted in line with the ethical principles of the Declaration of Helsinki 1975 (last updated in 2013) and was approved by the Ethics Review Board of the North-West University (Potchefstroom Campus) (NWU-00036-07-S6).
On the first day at 07:00 the ambulatory blood pressure monitoring apparatus was attached to the participants' non-dominant arm at their workplace to measure ambulatory blood pressure during the working day. At 16:30 the participants were transported to the Metabolic Unit Research Facility of the North-West University, where they completed a general health questionnaire. At dinnertime they received a standardised meal and had their last beverages at 20:30. They were encouraged to go to bed at around 22:00. After the last blood pressure measurement at 06:00 the next morning, the ambulatory blood pressure monitoring apparatus was removed and subsequent measurements commenced.
Anthropometric and physical activity measurements
Participants' height (Invicta Stadiometer, IP 1465, Invicta, London, UK), weight (Precision Health Scale, A & D Company, Tokyo, Japan) and waist circumference (Holtain unstretchable flexible 7 mm wide metal tape) were measured, while wearing minimal clothing, and body mass index (BMI) was calculated, using standard procedures [13] . The mean of triplicate anthropometric measurements was determined. The validated Actical® (Mini Mitter, Bend OR, Montréal, Québec), an omnidirectional accelerometer monitor was worn around the waist and total energy expenditure (TEE) for 24 h taking the basal metabolic rate into account was calculated [14] [15] [16] [17] . The basal metabolic rate was estimated from the age, gender, height, and weight of the participants.
Cardiovascular measurements
The ambulatory blood pressure monitoring device (Meditech Cardiotens CE120®, Budapest, Hungary) measured blood pressure at 30 min intervals during the day (07:00 -22:00) and one hour intervals during the nighttime (22:00 -06:00) [18] . Participants were asked to continue with normal daily activities and record any abnormalities such as headache, nausea and stress on their ambulatory diary cards. The successful inflation rate across the 24-h period was 78.8 %. Data obtained was entered into a database using the CardioVisions 1.19 Personal Edition (Meditech, Budapest, Hungary). Hypertensive status was classified from the mean ambulatory blood pressure measurements over a 24 h period as SBP and/or diastolic blood pressure (DBP) ≥130/80 according to the 2013 Guidelines of the European Society of Hypertension/European Society of Cardiology [19] . The carotid dorsalis pedis PWV was measured, on the left side of the participant in the supine position, with the Complior SP Acquisition system (Artech-Medical, Pantin, France). The validated Finometer device (FMS, Finapres Medical Systems, Amsterdam, Netherlands) [20, 21] was used to measure mean arterial pressure and TPR was computed with the model flow method from the pressure waveform [22] .
Biochemical analyses
Blood samples were obtained from each participant by a registered nurse from the antebrachial vein branches, after an overnight fasting period. CK activity, C-reactive protein, total cholesterol, high-density lipoprotein cholesterol, triglycerides and γ-GT levels were determined in serum, while glucose levels were determined in sodium fluoride plasma with the Unicel DXC 800, (Beckman and Coulter, Germany) and the Konelab TM 20I Sequential Multiple Analyzer Computer, (Thermo Scientific, Vantaa, Finland). Both the intra-and inter-assay coefficients of variation for all the assays were less than 10 %. Serum cotinine levels were determined with a homogeneous immunoassay (Automated Modular, Roche, Basel, Switzerland). Ethylenediaminetetraacetic acid treated whole blood was used to determine glycated hemoglobin (Integra 400, Roche, Basel, Switzerland).
Statistical analyses
Statistica version 12 (Statsoft Inc., Tulsa, OK, USA) was used to perform the statistical analyses of this study. In agreement with our aims, groups were stratified according to gender and ethnicity. Data was expressed as arithmetic mean and standard deviation for normal distributed variables. Variables with a non-Gaussian distribution were logarithmically transformed (CK activity, C-reactive protein, TPR and γGT) and the central tendency and spread represented by the geometric mean and the 5 th and 95 th percentile intervals. Means and proportions were compared between the ethnic groups, using independent T-tests and Chi-square tests, respectively. Analyses of covariance were also performed while adjusting for, age, BMI and TEE, with PWV additionally adjusted for mean arterial pressure [23] . Associations between cardiovascular variables (blood pressure, PWV and TPR), cardiovascular risk factors (age, lipids, glycated hemoglobin, BMI, cotinine, γ-GT and TEE) and CK activity were investigated in black and white men as well as black and white women, using single and partial regression analysis while adjusting for age and BMI, while PWV was additionally adjusted for mean arterial pressure. In multivariable analyses, we investigated independent associations of ambulatory SBP, PP and TPR with CK activity, while adjusting for traditional (age, total cholesterol and glycated hemoglobin) and behavioural (BMI, cotinine, γ-GT and total energy expenditure) cardiovascular disease risk factors in a forward stepwise procedure. Covariates for entry in multiple regression models were selected based on their univariate associations with markers of cardiovascular function (SBP, PP and TPR) or CK activity. Outliers were identified (>2 x sigma) in residual analyses in a case-wise plot of outliers, and multiple regression analyses repeated. Random distributions around the horizontal axis of residual plots indicated that regression models were appropriate. The required sample size for each group to reach a power (1 -β) of 0.80 were determined for multiple regression models with 8 predictors, with a priori power analyses (G*power v3.1.9.2) [24] . The effect sizes (f 2 ) were determined from the partial regression R 2 values and the significance level (α) was set at 0.05. In sensitivity analyses we repeated multiple regression analyses while excluding human immunodeficiency virus infected participants (n = 19) and participants on anti-hypertensive medication (n = 61). We also repeated multiple regression analyses in normotensive and hypertensive sub-groups separately. We further tested whether associations found in women were dependent on hormonal levels, by adding estradiol as a covariate in multiple regression models.
Results
Characteristics of the study population
The characteristics of the study population are represented in Table 1 . The black men had a more detrimental cardiovascular profile when compared to the white men, as can be seen from their significantly higher SBP, DBP, and PWV (all p < 0.001). CK activity did not differ between black and white men, whereas lifestyle risk factors such as γGT levels were higher, while physical activity was lower in the black men (both p < 0.001).
When comparing black and white women, the black women displayed a worse cardiovascular profile (higher SBP, DBP, PP and PWV, p ≤ 0.008). Additionally, the black women also displayed higher mean BMI, waist circumference, CK activity and γ-GT levels (p ≤ 0.009).
Analysis of covariance
The unfavourable cardiovascular profile in the black men and women remained after adjusting for confounding factors (age, BMI and TEE) (Additional file 1: Table S1 ). There was still no difference in CK activity between black and white men (p = 0.21), whereas in black women CK activity (p = 0.009) was still significantly higher when compared to the white women.
Single and partial regression analyses
In single regression analyses (Table 2) significant positive associations between SBP and CK activity (r = 0.29; p = 0,002) and between PP and CK activity (r = 0.29; p = 0.002) were indicated only in the white women. After adjusting for age and BMI these associations remained, whereas a significant positive relationship between TPR and CK activity (r = 0.24; p = 0.02) emerged in the white men. None of these associations were evident in either the black men or women, with the exception of a borderline significant (r = 0.20; p = 0.056) relationship between TPR and CK activity in the black men, in partial regression analyses.
Multivariable analyses
In forward stepwise multiple regression analyses the positive associations of ambulatory SBP and CK activity (adjusted R 2 = 0.46; β = 0.17; p = 0.03) and of PP and CK activity (adjusted R 2 = 0.31; β = 0.21; p = 0.01) in the white women (Table 3) as well as the positive association of TPR and CK activity (adjusted R 2 = 0.32; β = 0.25; p = 0.009) (Table 3) in the white men, remained significant. In a priori power analyses we determined the required sample size for each group to reach a power (1 -β) of 0.80 (black men: n = 47; white men: n = 33; black women: n = 82; white women: n = 107).
Sensitivity analyses
After excluding black (n = 23) and white women (n = 9) as well as black (n = 20) and white men (n = 9) on antihypertensive medication (including statins) the positive associations of ambulatory SBP and CK activity (R 2 = 0.48; β = 0.15; p = 0.047) and PP and CK activity (R 2 = 0.28; β = 0.20; p = 0.03) in the white women as well as the positive association of TPR and CK activity (R 2 = 0.18; β = 0.24; p = 0.02) in the white men remained significant. In normotensive and hypertensive sub-groups the association of TPR HT medication, n 20 9* 23 9* Data expressed as arrhythmic mean (standard deviation), geometric mean (5 th and 95 th percentiles) or n SD standard deviation, BMI body mass index, WC waist circumference, SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, HR heart rate, PWV pulse wave velocity, TPR total peripheral resistance, CK creatine kinase, HbA1c glycated hemoglobin, TC total cholesterol, HDL-C high density lipoprotein cholesterol, CRP C-reactive protein, γ-GT γ-glutamyl transferase, TEE total energy expenditure, HT hypertensive, HIV human immunodeficiency virus *p < 0.05 between black and white men and between black and white women and CK activity was only evident in normotensive white men (R 2 = 0.29; β = 0.45; p = 0.01), while all the other associations lost significance. Excluding of human immunodeficiency virus infected men (n = 13) also did not change the positive association between TPR and CK activity in the white men (R 2 = 0.18; β = 0.22; p = 0.03), whereas this association tended to be significant in the black men (R 2 = 0.10; β = 0.21; p = 0.058). Applying the same exclusion criteria in women (human immunodeficiency virus infected: n = 6) also did not change the positive associations between SBP and CK activity (R 2 = 0.45; β = 0.18; p = 0.02) or between PP and CK activity (R 2 = 0.27; β = 0.20; p = 0.02) in the white women. The addition of estradiol as covariate in multiple regression analyses in women did not change the results.
Discussion
In our first main finding we indicated that CK activity is significantly higher in black women when compared to white women, whereas no difference was seen when comparing black and white men. The higher CK activity in black women, confirms previous results indicating higher serum [9, 25] and tissue [4] CK activities in black populations when compared to white populations. However we expected the same result when comparing black and white men, and this result therefore contradicts previous findings [26] . We furthermore also expected the difference in CK activity between black and white women to be greater when considering previous results indicated much higher CK activities in black subjects when compared to white subjects [9, 25] .
Various factors may have contributed to the higher CK activity in the black women, including age [27, 28] , BMI [29, 30] and different levels of exercise [31] . The black and white women of our study were of similar age, with no difference in their physical activity levels, while their mean BMI values were significantly higher. Nevertheless, even when all of these factors were taken into account (adjusting for age, BMI and TEE), CK activity was still higher in the black women. These factors also had no effect on the CK activity of black and white men.
Our second main finding was the absence of a link between CK activity and cardiovascular measures such as SBP, PP and TPR, in the black men and women despite the higher CK activity in the black women and the worse cardiovascular profile of both black groups. This finding is also contradictory to previous results which indicated blood pressure to increase with increasing CK activity in a multi-ethnic group [6] . We therefore expected to find this link especially in the black men and women. However, as mentioned previously the CK activity in these black participants were not as high as previously reported [9, 25] and other factors may therefore be more important contributors to the worse cardiovascular profile in the black population of our study. Additionally, it has been proposed that the blood pressure-CK activity link is not causal but may be the result of different physiological and metabolic properties between different types of skeletal muscle fibers [32] . Previous results indicated that black participants had less type I [26] and more type II muscle fibers [33] . This phenotype has been linked with obesity [33] and insulin resistance [34] and is further supported by the recent findings of a longitudinal study in which BMI attenuated the predictive value of CK activity in the development of hypertension [30] .
Previous findings in the black participants of the SABPA study identified glucose levels [35, 36] , the albumin-to- Table 2 Single and partial regression analyses of CK activity with ambulatory blood pressure, pulse wave velocity and total peripheral resistance Relationships adjusted for age and body mass index. Pulse wave velocity was additionally adjusted for mean arterial pressure SBP systolic blood pressure, DBP diastolic blood pressure, PP pulse pressure, PWV pulse wave velocity, TPR total peripheral resistance Significant associations indicated with bold text creatinine ratio [37] , calcium levels [38] , D-dimer levels [39] , reactive oxygen species [40] and L-carnitine levels [41] to be positively associated with blood pressure, whereas negative associations of blood pressure with factors such as insulin like growth factor-1 [42] and 8-oxo-7,8-dihydro-2'-deoxyguanosine [43] were also indicated. In a recent longitudinal study, the Prospective Urban and Rural Epidemiology (PURE) study (SouthAfrican leg), it was indicated that behavioural risk factors such as γ-GT and abdominal obesity are the main factors contributing to the increase in hypertension incidence [2] , with γ-GT levels also predicting cardiovascular and all-cause mortality [10] . Furthermore, psychological distress also predicted the development of hypertension over 5 years [11] . It therefore seems as if the link between higher CK activity and the worse cardiovascular profile in this black population is overshadowed by other contributing factors.
In our final main finding we indicated that TPR are related to CK activity in white men, whereas associations of ambulatory SBP and PP with CK activity were demonstrated in white women. As already mentioned previous studies also indicated a positive relationship between SBP and CK activity in a mixed ethnicity population [6] Variables included in the models were CK activity, age, BMI, cotinine, γ-GT, HbA1c, total cholesterol and TEE -, variable did not enter the model, CK creatine kinase, BMI body mass index, γ-GT γ-glutamyl transferase, TC total cholesterol, TEE total energy expenditure, HbA1c glycated hemoglobin as well as a normal Norwegian white population [7] . Almost half (48.6 %) of the white participants in our study were hypertensive, which in part may also explain the observed associations of SBP, PP and TPR with CK activity in the white groups, since higher blood pressure may have caused cardiovascular muscle damage and thereby increased the serum CK activity. However, since hypertensive patients exhibits normal iso-enzyme spectra [44] , this explanation is considered to be unlikely [6] . Furthermore, results from our study indicated that the association between TPR and CK activity was only evident in normotensive white men in subgroup analyses. The link between blood pressure and CK activity may therefore be explained via two mechanisms [6] . The first mechanism involves enhanced smooth muscle cell contractility as a result of higher availability of cellular energy [5, 6] , whereas the second mechanism involves attenuated nitric oxide synthesis as a result of decreased availability of the substrate L-arginine, which is also a substrate for the synthesis of creatine [45] . This mechanism seems very plausible since we previously indicated decreased nitric oxide synthesis capacity in these white men and women [46] . Additionally, it has been suggested that even a minor increase in the contractility of smooth muscle could have a vast effect on the resistance of blood flow [6] , which may in turn explain the TPR-CK activity link observed in the white men of this study. This study has to be interpreted within the context of its limitations and strengths. This was a cross-sectional study and we can therefore not infer causality. We did not assess iso-enzymes in this study, which may be important to clarify the mechanisms involved. Although our population size is rather small when compared to other studies, power calculations indicated the population size to be sufficient. Our study participants were not asked to rest for three days before blood collection for CK activity analysis but we adjusted for physical activity measured during the 24 h prior to blood collection.
Conclusions
In conclusion, we have indicated higher CK activity in black women when compared to white women, with no difference when comparing the men. We were unable to establish a link between blood pressure or TPR and CK activity in black men or women, suggesting that other factors such as increased behavioural risk factors related to rapid urbanization may be more important contributing risk factors to the high prevalence of cardiovascular disease in this population. Whereas, the established link between cardiovascular function and CK activity in the white population may be the result of enhanced smooth muscle cell contractility and/or attenuated nitric oxide synthesis capacity.
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